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DELAY LINE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to delay lines used for delaying signal 
transmission in computers, measurement apparatuses, and the like. More 
specifically, the invention relates to delay lines in which delay time can be adjusted. 

2. Description of the Related Art 

Fig. 9 is a top view of a prior art example of a delay line. A delay line 80 has 
a structure in which a transmission line 82 used for a signal line is folded in a 
meandering manner and disposed on one of the main surfaces of a dielectric substrate 
81, and a ground conductor (not shown) is disposed on substantially all of the other 
main surface of the dielectric substrate 8 1 . The ends of the transmission line 82 are 
connected to an input terminal 83, and an output terminal 84, respectively. The 
entire length of the transmission line 82 determines the delay time between the input 
terminal 83 and the output terminal 84. In order to change the delay time, as shown 
in Fig. 9, an intermediate tap terminal 85 is disposed at a certain point on the 
meandering transmission line 82 and used, for example, as an output terminal, 
thereby providing a different delay time. The intermediate tap terminal 85 is adapted 
to be connected to the transmission line 82 at different positions, whereby the delay 
time can be changed by changing the position. 

However, in the case of the above delay line, when the position of an output 
terminal has been set according to a desired delay time, it is impossible to adjust the 
delay time again, after the delay line has been mounted in a printed circuit board or 
the like. 

In addition, since one of the three terminals is not used, the unused terminal 


generates a capacitance or works as a stub, which leads to a problem of causing the 
reflection of a signal. 

In addition, as shown in Fig. 9, when a transmission line to be used has a 
meandering configuration, an intermediate tap terminal can be connected only to the 
lower-side curved part of the meandering transmission line. As a result, it is 
impossible to adjust delay time continuously. 

SUMMARY OF THE INVENTION 

To overcome the above described problems, embodiments of the present 
invention provide a delay hne in which delay time can be adjusted even after being 
mounted on a printed circuit board, and in which the delay time can continuously be 
adjusted. 

One preferred embodiment of the present invention provides a delay line 
comprising: a dielectric substrate including a pair of main surfaces; a transmission 
line disposed on one of the main surfaces of the dielectric substrate; a ground 
conductor disposed on the other of the main surfaces of the dielectric substrate; and a 
capacitance, provided by at least one of a variable capacitor and a diode, for example, 
being disposed on the dielectric substrate and connected to the transmission line, 
advantageously in parallel with the transmission. 

According to the above described structure and arrangement, by changing the 
capacitance of the variable capacitor or the diode, a frequency of an attenuation pole 
in the pass characteristic of the delay line can be continuously changed even after the 
delay hne is mounted on a printed circuit board. As a result, the delay time of the 
delay line can be continuously changed so as to obtain a desired delay time. 

Another embodiment of the present invention provides a delay line 
comprising: a multilayer structure formed by laminating a plurality of dielectric 
layers; a transmission line embedded in the multilayer structure; a plurality of ground 
conductors disposed on the dielectric layers and being separated from each other by 


the transmission line and the dielectric layer; and at least one of a variable capacitor 
and a diode being disposed on the multilayer structure and connected in parallel to 
the transmission line. 

According to the above described structure and arrangement, in addition to 
the advantages of the first embodiment, the transmission line is formed inside the 
multilayer structure in which the plurality of the dielectric layers are laminated. 
Therefore, the wiring between the transmission line and the variable capacitor can 
also be formed inside the multilayer structure. Therefore, losses caused by the 
wiring can be suppressed, and it is possible to obtain a delay line having more 
satisfactory characteristics. 

Other features and advantages of the present invention will become apparent 
from the following description of embodiments of the invention which refers to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 A shows a top view of a delay line according to a first embodiment of 
the present invention, and Fig, IB shows a sectional view thereof 

Fig. 2 shows an equivalent circuit diagram of the delay hne shown in Figs. 
lAand IB. 

Fig. 3 shows a graph illustrating the pass characteristics of the delay line 
shown in Figs, 1 A and IB, and the frequency dependence of the delay time of the 
delay line. 

Fig. 4 shows a graph illustrating the capacitance dependence of the delay time 
of the delay line shown in Figs. lA and IB. 

Fig, 5 is an exploded perspective view of a delay Une according to a second 
embodiment of the present invention. 

Fig. 6 is a sectional view of a modified example of the delay line shown in 

Fig. 5. 


Fig. 7 is an exploded perspective view of a delay line according to a third 
embodiment of the present invention. 

Fig. 8 is a graph illustrating an applied voltage dependence of the delay time 
of the delay line shown in Fig. 7. 

Fig, 9 is a top view illustrating a prior art delay line. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

Fig. 1 A shows a top view of a delay line according to a first embodiment of 
the present invention, and Fig. IB shows a sectional view thereof. A delay line 10 
has a dielectric substrate 1 1. A transmission line 12 used for a signal line is disposed 
on one of the main surfaces of the dielectric substrate 11. The transmission line 12 is 
folded in a meandering manner. On substantially the entire back surface of the 
dielectric substrate 11, a ground conductor 13 is formed. 

A variable capacitance trimmer capacitor 14 is connected in parallel to the 
transmission line 12. In addition, the ends of the transmission line 12 are connected 
to an input terminal 1 5 and an output terminal 1 6, respectively. The ground 
conductor 13 is connected to ground terminals 17 and 18, respectively. 

Fig. 2 is an equivalent circuit diagram of the delay line shown in Fig. 1. The 
delay line 10 has a structure in which an inductance component L of a micro strip 
Une formed by the transmission Une 12 and the ground conductor 13 are connected in 
parallel to a capacitance C of the trimmer capacitor 14 between the input terminal 15 
and the output terminal 16. 

In addition, in the pass characteristics, an attenuation pole is generated at a 
frequency obtained by an expression l/(27r (L • C) ^) . With the attenuation pole, 
phase changes occur in high frequency signals passing through the transmission line 
12. As a result, the delay time of the delay hne 10 changes according to frequency. 

Fig. 3 shows a graph illustrating the pass characteristic of the delay line 10 
shown in Fig. 1, and the frequency dependence of delay time thereof. In this figure, 


a solid line P indicates the pass characteristic, and a broken line D indicates the delay 
time. The inductance component L of the transmission line 12 is 20 (nH), and the 
capacitance C of the trimmer capacitor 14 is 0.5 (pF). 

This figure shows that, in the pass characteristics, an attenuation pole occurs 

near a firequency of 1.6 (GHz) obtained by the expression l/(2n (L ■ C) ^) , and due 

to the influence of the attenuation pole, the delay time greatly changes. 

Fig. 4 is a graph illustrating the capacitance dependence of the delay time of 
the delay line 10 shown in Fig. 1. In Fig, 4, the horizontal axis of the graph indicates 
the capacitance of the trinmier capacitor 14, and the vertical axis thereof indicates the 
delay time of the delay line 10. In addition, a sohd line Dl shows changes of the 
delay time at a frequency of 1 .5 GHz, and a broken line D2 shows changes of the 
delay time at a frequency of 1 .7 GHz. 

This figure shows that adjustment of the capacitance of the trimmer capacitor 
14 permits the delay time of the delay line 10 to be adjusted. The reason for this is 
that when the capacitance of the trimmer capacitor 14 is changed, the frequency of 
the attenuation pole, which is obtained by the expression l/(27r (L • C) ^) , also 
changes. 

In the delay line of the first embodiment described above, since the variable 
trimmer capacitor is connected in parallel to the transmission line, continuously 
changing the capacitance of the trimmer capacitor also continuously changes the 
frequency at which the attenuation pole occurs in the pass characteristic. As a result, 
it is possible to continuously change the delay time of the delay line so as to obtain a 
desired delay time. 

Fig. 5 is an exploded perspective view of a delay line according to a second 
embodiment of the present invention. A delay line 20 has a rectangular- 
parallelepiped multilayer structure 21 obtained by sequentially laminating 
rectangular dielectric layers 21 1 to 215 formed of dielectric ceramic materials 
(relative permittivity sx : approximately 6.0), whose main components comprise 


barium oxide, aluminum oxide, and silica, bonding by pressurizing and then 
integrally firing at temperatures of 800 to 1000° C. On the side surfaces and upper 
and lower surfaces of the multilayer structure 21, an input terminal 22, an output 
terminal 23, and two ground terminals 24 and 25 are formed. 

Substantially rectangular ground conductors 261 and 262 are formed on the 
upper surfaces of the dielectric layers 211 and 213, respectively. In addition, a 
transmission line 27 is disposed on the upper surface of the dielectric layer 212 in a 
substantially meandering form. Furthermore, substantially rectangular capacitor 
electrodes 281 and 282 are formed on the upper surfaces of the dielectric layers 214 
and 215, respectively. 

In this case, both ends of the transmission line 27 formed on the upper surface 
of the dielectric layer 212, and parts of the ground conductors 261 and 262 formed 
on the upper surfaces of the dielectric layers 211 and 213 are extended onto the side 
surfaces of the multilayer structure 21 to be connected to the input terminal 22, the 
output terminal 23, and the ground terminals 24 and 25, respectively. 

In addition, an end of the transmission line 27 on the upper surface of the 
dielectric layer 212 is connected to the capacitor electrode 281 on the upper surface 
of the dielectric layer 214 by a via-hole conductor 291 disposed in such a manner 
that the via-hole conductor 291 passes through the dielectric layers 213 and 214. 

Furthermore, the other end of the transmission line 27 on the upper surface of 
the dielectric layer 212 is connected to the capacitor electrode 282 on the upper 
surface of the dielectric layer 215 by a via-hole conductor 292 disposed in such a 
manner that the via-hole conductor 291 passes through the dielectric layers 213 to 
215. 

With such a structure, in the delay line 20, between the input terminal 22 and 
the output terminal 23, the inductance component L of the strip line formed by the 
transmission line 27 and the ground conductors 261 and 262 is connected in parallel 
to the capacitance component C of the variable capacitor 28 formed by the capacitor 


electrodes 281 and 282, 

In this case, the equivalent circuit of the delay line 20 is the same as the 
equivalent circuit of the delay line 10 shown in Fig. 2. 

The input terminal 22, the output terminal 23, and the ground terminals 24 
and 25 are formed by firing printed conductive paste simultaneously with the 
multilayer structure 21, or by baking the printed conductive paste after the multilayer 
structure 21 has been fired. 

After this, the capacitor electrode 282 formed on the upper surface of the 
multilayer structure 21 is trimmed by a laser or the like, by which the capacitance of 
the variable capacitor 28 can be continuously changed to set the delay time of the 
delay line 20, as in the delay line 10 (Fig. 1) of the first embodiment. 

Fig. 6 is a sectional view of a modified example of the delay line shown in 
Fig. 5, When compared with the delay line 20 shown in Fig. 5, the structure of the 
delay hne 20a is different in that it includes a trimmer capacitor 28a, as an alternative 
to the variable capacitor 28 (Fig. 5) formed by the capacitor electrodes 281 and 282, 
on the upper surface of the multilayer structure 21a having ground conductors 261a 
and 262a, and a transmission line 27a formed therein. 

In this case, the transmission line 27a is connected to the trimmer capacitor 
28a by via-hole conductors 291a and 292a disposed inside the multilayer structure 
21a. 

In the delay line of the second embodiment described above, since the 
capacitance of the trimmer capacitor can be continuously changed, even after being 
mounted on a printed circuit board, a frequency at which an attenuation pole occurs 
in the pass characteristics can also be continuously changed. As a result, the delay 
time of the delay line can be continuously changed so as to obtain a desired delay 
time. 

In addition, since the transmission line is formed inside the multilayer 
structure in which the plurality of the dielectric layers are laminated, the wiring 


between the transmission line and the variable capacitor can be formed inside the 
multilayer structure. As a result, losses caused by the wiring can be suppressed, and 
a delay line having more satisfactory characteristics can thereby be obtained. 

Fig. 7 is an exploded perspective view of a delay line according to a third 
embodiment of the present invention. A delay line 30 has a rectangular- 
parallelepiped multilayer structure 31 obtained by sequentially laminating 
rectangular dielectric layers 311 to 314 formed of dielectric ceramic materials 
(relative permittivity sr : approximately 6.0), whose main components comprise 

barium oxide, aluminum oxide, and silica, bonding by pressurizing, and then 
integrally firing at temperatures of 800 to 1000° C. 

A varicap diode 32 is mounted on the upper surface of the multilayer 
structure 3 L An input terminal 33, an output terminal 34, and two ground terminals 
35 and 36 are formed on the side surfaces of the multilayer structure 31, and the 
upper and lower surfaces thereof. 

Substantially rectangular ground conductors 371 and 372 are formed on the 
upper surfaces of the dielectric layers 311 and 313. In addition, a transmission line 
3 8 having a substantially meandering configuration is formed on the upper surface of 
the dielectric layer 312. 

In this case, both ends of the transmission line 38 formed on the dielectric 
layer 312, and parts of the ground conductors 371 and 372 formed on the upper 
surfaces of the dielectric layers 311 and 313 are extended onto the side surfaces of 
the multilayer structure 31 to be connected to the input terminal 33, the output 
terminal 34, and the ground terminals 35 and 36, respectively. 

In addition, an end of the transmission line 38 on the upper surface of the 
dielectric layer 312 is connected to an end of the varicap diode 32 mounted on the 
multilayer structure 31 by a via-hole conductor 391 disposed in such a manner that 
the via-hole conductor 391 passes through the dielectric layers 313 and 314. 

Furthermore, the other end of the transmission line 38 on the upper surface of 
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the dielectric layer 312 is connected to the other end of the varicap diode 32 mounted 
on the multilayer structure 31 by a via-hole conductor 392 disposed in such a manner 
that the via-hole conductor 392 passes through the dielectric layers 313 and 314. 

With such an arrangement, in the delay line 30, between the input terminal 33 
5 and the output terminal 34, the inductance component L of the strip line formed by 

the transmission line 38 and the ground conductors 371 and 372 are connected in 
parallel to the capacitance component C of the varicap diode 32. 

In this case, the equivalent circuit of the delay line 30 is the same as the 
equivalent circuit of the delay line 10 shown in Fig. 2. 
Hi 10 As in the case of the delay Hne 20 of the second embodiment, the input 

^ terminal 33, the output terminal 34, and the groimd terminals 35 and 36 are formed 

either by firing printed conductive paste simultaneously with the multilayer structure 
'4 31, or by baking the printed conductive paste after the multilayer structure 3 1 is 

fired. 

^ — >v 

15 With this structure by changing the voltage q)phed to the varicap diode 32 

,y mounted on the upper surface of the multilayer structure 3 1, the capacitance 

^5 component of the varicap diode 32 can also be changed continuously. As a result, 

3 the delay time of the delay line 30 can be continuously changed, as in the cases of the 

delay lines 10 (Fig. 1) and 20 (Fig. 5) of the first and second embodiments. 
20 Fig. 8 is a graph showing changes of the delay time of the delay line shown in 

Fig. 7. In Fig. 8, the horizontal axis of the graph indicates a voltage appHed to the 
diode 32, and the vertical axis thereof indicates the delay time of the delay line. A 
solid line D3 shows changes of the delay time at a frequency of 1.5 GHz, and a 
broken line D4 shows changes of the delay time at a fi"equency of 1.7 GHz. 
25 This graph shows that, when the voltage applied to the varicap diode 32 is 

changed, the delay time of the transmission line 38 can be changed. The reason for 
this is that changing the voltage applied to the varicap diode 32 changes the 
capacitance component of the varicap diode 32, by which a firequency at which the 
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attenuation pole occurs in the pass characteristics is also changed, since the varicap 
diode is connected in parallel to the transmission line. 

In the first to third embodiments, the dielectric layers have been formed of 
ceramic materials whose main components comprise barium oxide, aliuninum oxide, 
and silica. However, any material can be used as long as the value of the relative 
permittivity (sr) is 1 or greater. For example, a ceramic material whose components 
comprise magnesium oxide and silica or a material of fluoropolymers can be used to 
obtain the same advantages. 

In addition, a description has been given of cases in which either a variable 
capacitor or a diode is connected to the transmission line. Alternatively, both a 
variable capacitor and a diode may be connected to the transmission line, 
advantageously is parallel thereto. 

Although the first embodiment has described the use of a variable capacitor 
connected in parallel to the transmission line, the same advantages can also be 
obtained by using a diode on the dielectric substrate. 

In the second and third embodiments, the ground conductors are disposed 
inside the multilayer structure. However, any way of arranging the ground 
conductors can be appHed as long as the dielectric layer is disposed between the 
transmission line and the ground conductors. Alternatively, the ground conductors 
may be disposed on outer surfaces of the multilayer structure. 

In addition, in the above description, via-hole conductors are used for 
connecting the transmission line to the variable-capacity capacitor and the diode, 
respectively. Alternatively, the same advantages can also be obtained by using 
through-hole conductors. 

Further, although all of the disclosed embodiments have the equivalent circuit 
shown in Fig. 3, other circuit arrangements may be used as long as a variable 
capacitance is connected to a transmission line so as to be able to continuously adjust 
a desired delay time of the delay line. 
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While the invention has been particularly shown and described with reference 
to preferred embodiments thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and details may be made therein 
without departing from the spirit of the invention. 
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WHAT IS CLAIMED IS : 

1 . A delay line comprising: 

a dielectric substrate including a pair of main surfaces; 
a transmission line disposed on one of the main surfaces of the dielectric 
substrate; 

a ground conductor disposed on the other of the main surfaces of the 
dielectric substrate; and 

a capacitance being disposed on the dielectric substrate and connected to the 
transmission line for setting a desired delay time of the delay line. 

2. A delay line according to claim 1, wherein said capacitance is adjustable. 

3. A delay line according to claim 2, wherein said capacitance is provided by 
a variable capacitor. 

4. A delay line according to claim 2, wherein said capacitance is provided by 
a varicap diode. 

5. A delay line according to claim 1, wherein said capacitance is provided by 
a diode. 

6. A delay line according to claim 5, wherein said diode is a varicap diode. 

7. A delay line according to claim 1, wherein said capacitance is connected 
in parallel to the transmission line. 

8. A delay line comprising: 

a multilayer structure formed by laminating a plurality of dielectric layers; 
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a transmission line formed on a dielectric layer embedded in the multilayer 
structure; 

a plurality of ground conductors disposed on the dielectric layers and a pair of 
said ground conductors being disposed on opposite sides of the transmission line; 
and 

a capacitance disposed on the multilayer structure and connected to the 
transmission line for setting a desired delay time of the delay line. 

9. A delay line according to claim 8, wherein said capacitance is adjustable, 

10. A delay Une according to claim 9, wherein said capacitance is provided 
by electrodes formed on respective ones of said dielectric layers, 

11. A delay hne according to claim 9, wherein said capacitance is provided 
by a variable capacitor. 

12. A delay line according to claim 9, wherein said capacitance is provided 
by a varicap diode. 

13. A delay line according to claim 8, wherein said capacitance is provided 
by a diode. 

14. A delay line according to claim 13, wherein said diode is a varicap .diode. 

15. A delay line according to claim 8, wherein said capacitance is connected 
in parallel to the transmission line. 
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DELAY LINE 

ABSTRACT OF THE DISCLOSURE 

A delay line comprising a dielectric substrate including a pair of main 
surfaces; a transmission line disposed on one of the main surfaces of the dielectric 
substrate; a ground conductor disposed on the other of the main surfaces of the 
dielectric substrate; and at least one of a variable capacitor and a diode being 
disposed on the dielectric substrate and connected in parallel to the transmission line 
for setting a desired delay time of the delay line. In the above delay hne, the delay 
time can be adjusted even after the delay line is mounted on a printed circuit board, 
and further, the delay time can be continuously adjusted. The delay line can also be 
formed in a multilayer structure rather than on the above dielectric substrate. 





J- 



20a 



21a 




; ^ ii 



05/05/00 15:53 FAX 212 39$ 0661 


OSTROLENK.FABER 


[21007 


UNITED S'lA TfiS OF AMERICA 
COMBINED DECLARATION AND POWER OF ATTORNEV FOR PATENT APPLICATION 


OFGSFILENO. 

P/1071-993 


As ti below named inventor, I hereby declare xhat: my residence, jwst ojfiScc address and citizenship are as stated below next co my name; that T verily 
believe That 1 am The origmal, Uiui oi^d sole mventor (if only one name is listed below) or a Joint mvcntor (if plursl invcntars are named) of the subject 
matter wliich is claimed ajid tor which a patent is sought on ilni invention entitled; 

DELAY LINE 


Ihe specificarinn of which is attached heretn, unless the fbllowing box is cheeked; 

Q was filed on HS Un itcd States patent Application Number oi PCT International paicni 

application number and was cirnendcd on ^ (if any). 

1 1-icreby state that T have reviewed and undei^tand the contents of the above identified specification, hicluding the claims, as aniendcd hy any 
amendment referred to above. 

1 acknowlcdKc the duty to disclose all informuiiun known to bo material to patcacabJlity in accordancfi with Title 37, Code of Federal Regulations, 
§1-56. 

I hereby claim priority benefits under Title 35, United Stale* Code §119 of any Ibreign app(icsilion(s) for patent or inventor's ocnificate or United 
States provisional app]iciiLicn(s) listed bclnw and have also identified below any foreign apphcation for patent o** inventor's certificate having u filings 
date before that of the applieatiou on which priority is claimed: 

Prior Foreign orProvisioneti Applicfttion^s'l 


COUNTRY 


APPUCATTON Nt MBER 


DaTF. of FILING 
{day, month, year) 


PRIORITY CI^IMED 
UI^ER35 US.C.n9 


Japan 


11-154044 


1 June 1999 


YHS X NO 


YES 


NO 


YES 


NO 


I hcrclw claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed below and, msofiir as the subjccl mattEr 
of each or the claims of thia; apolicaiion is not disclosed in the jjaoi' United States appUcarioTi in ihe rnamiei* provided by the first paragraph or Title 35, 
United States Code, § ) 1 2, 1 aclcnowledffc the duly lo diselnse infonnaifon which is material Lo patcnxabiHty as defined m TfUc 37, Code or redcral 
ReMulaiioiis, §1 .56 wliich became avaiinble berweBn the filing date of the prior application and the national or HCT intei-national nling date of ihw 
application. 


UNITED STATES 
Al*PLlCATION NUMBER 


DaTKOF ftltng 

fdcy, month, year) 


STATUS 


I hereby appoint cu$ton\cr no. 2352 OS'^ROLENK, FABER^ GCRB Be SOFFEN, LLP, and the Tncmt?crs of ihc finr, Saniuel H- Weincr - Rea, No. 
IS310: Jerontc M, Berliner - Reg. No. 18,653; Robert C. Tabcr - Reg. No. 24J22. Edward A* M'cilnwm - Ret No. 24,735; Stanley li Ucberjtein - Reg. 
No. 22,400; Steven I. Weisburd - Reg. No. 27,409; Max Moskowics - Reg. No. 30,576- Stephen A. Soffeii - ifeft. No. 31,063; James A. Finder - Reg. 
No, 30,173; Willium O, Gray, lU - Reg, No. 30,pdd; Louis C- nujmich - Big. No. 3y,ei!25 ^nd Douglas A. Miro - Reg. No. 3 1,643. asartomej^ with full 
power or tiubslitulion and revocation to prosecute tliis application, lo transact all business m tlic Pacent & Ttadcmark Oftice connected therewith and lu 
receive all correspondence. 

SEND CORR£SPONDENCR TO; OSTKOLENK FABER, GERB & SOf F£N, LLP DlMCT TELEPHONE CALLS TO: 

1 1 80 AVENUE OF fffR AMERICAS (1\ 2) 382-0700 

NEW YORIC, NEW YORK 10036-8403 
CUSTOMER NO. 2352 

1 hereby declare thai all statcrocnls rmdc herein of my own knowledge lu c If uc and that all statcmcnls made on infonnation and belief ore believed to 
be true; and furthei' that these statcmcnLs were made with the Icnowlcdge that wllltbl felsc statcmcriU and the lllce so made arc punishable by fine or 
imprisonTnent, oi- both, under Section lOOl of Title 18 of the United States Code, and tha? such willful felse statcmcnlj; may jeopardize the validiiy of 
the application or any patent issued ihei'eon. 


NAME or SOLE OH. f ittST INVENTOR 

Teruhisa TSURU 

TNIVRNTOR'SisltiNATUfUB 

DaTC 

ItbSiDfiNCF; (CKy and mihcr State or FQrci$n Country) 

Kameoka-shi, Kyoto- fu, Japan 

couNiRY or am^sm^ 
Japan 

POST omc£ Ai?miEss c/o Murata Manufacturing Co,, Ltd., Dept. A170, 
2S-10, Tenjin 2-chcme, Nagaokakyo-shi, Kyoto-fu 617-8555, Japan 

FULL NAME OH Sifc'UOND JOINT INVENTOR. (rP A^nO 

Mitsuhiro MATSUMOTO 



RRSTDCNCE {Cil^ and cither Siaie orFor&i^n Country) 

Yasu-gun, Shiga-ken, Japan 

COUNTRY oy amo^fSHip 
Japan 

POST OFFICE AOi'sREss c/o Murata Manufacturing Co,, Ltd., Dept. A170, 
26-10, Tenjin 2-chome, Nagaokakyo-shi, Kyoto-fu 617-8555, Japan 

FULL NAME OF THIRD JOENT tNVEI>rrOR (IF AWJ 

INVEN'r'OR'S SIGNATURE 

DATE 

RESlDEiNCE fCity toid eitJi^ Siai6 cr Foreign Cftumry) 

COUNTRY OF cmZFKSHJP 

POST OmCB ADDRESS 


□ CONTTNUED ON PAGE 2 


0044S832 .1 


